Aiming to provide a unified theory of ionic liquids ecotoxicity, the recent spectral structure activity relationship (S-SAR) algorithm is employed for testing the two additive models of anionic-cationic interaction containing ionic liquid activity: the causal and the endpoint, |0+ and |1+ models, respectively. As a working system, the Daphnia magna ecotoxicity was characterized through the formulated and applied spectral chemical-ecobiological interaction principles. Specific anionic-cationic-ionic-liquid rules of interaction along the developed mechanistic hypersurface map of the main ecotoxicity paths together with the so-called resonance limitation of the standard statistical correlation analysis were revealed.
INTRODUCTION
Since the reformulation of the classical quantitative structure activity relationship (QSAR) is modelled under the spectral SAR (S-SAR) analytical analysis [1] [2] [3] , the ecotoxicological studies have been reinforced with new tools linking the molecular structure of the chemicals dispersed in environment over certain species with their recorded biological activities [4, 5] . Remarkably, the steps of an S-SAR analysis can be transposed into the driving principles of the associated spectral chemical ecostudies and biostudies:
(i) principle 1 states that the "orthogonality" of assumed molecular factors which correlate with ecoeffects and bioeffects is assured by the spectral decomposition of the associate activity respecting them; (ii) principle 2 states that the "length" of the predicted (eco-) biological action follows the self-scalar product rule of the computed endpoint activity; (iii) principle 3 states that the "intensity" of the chemical eco-/biointeraction is determined by the ratio of the expected to measured activity norms; (iv) principle 4 states that the "selection" of the manifested chemical (eco-) biobond parallels the minimum distances of paths connecting all possible endpoints in the norm correlation hyperspace;
(v) principle 5 states that the "validation" of the obtained mechanistic picture is done by constraining that the influential minimum paths are numbered by the cardinal of the input structural factors set so that, excepting the final endpoint which is always considered as the evolution target, all other endpoints are activated once and for one time only.
In the present study, the above algorithm is applied to the intriguing case of ionic liquids (IL) acting on the ecoparadigmatic Daphnia magna species within two different additive models of the Hansch expansion.
HANSCH S-SAR-IL |0+ AND |1+ MODELS
Usually, when considering Hansch QSAR expansion, the hydrophobic, electronic, and steric factors have to be considered. The hydrophobicity index Log P describes at the best the quality of molecular transport through cellular membranes. For the electronic and steric contributions, we consider that the polarizability (POL) measures the inductive electronic effect reflecting the long range or van-der-Waals bonding whereas for the steric component, the total energy (E TOT ) is assumed as the representative index since it is calculated at the optimum molecular geometry where the stereospecificity is included. The recent ecotoxicological studies Table 1 : The studied ionic liquids actions on Daphnia magna species with the toxic activities A exp = Log(EC 50 ) [9] , while the marked values were taken from [10] , along structural parameters Log P, POL, and E TOT as accounting for the hydrophobicity, electronic (polarizability), and steric (total energy at optimized 3D geometry) effects, computed with HyperChem program [11] , for each cation and anion fragment, as well as for the anionic-cationic |0+ composed state, by means of equations (2) based on these chemical descriptors have proved their reliability in providing the molecular mechanism based on which chemicals act upon certain species [3] [4] [5] . However, when the focus is on the ionic liquids, two different additive models for modelling anionic-cationic interaction can be considered. The first one is based on the vectorial summation of the produced anionic and cationic biological effects. In other words, the so-called |1+ model is constructed on the superposition of the anionic (subscripted with A) and cationic (subscripted with C) activities. The analysis based on this model was recently reported for the Vibrio fischeri ecotoxicity [4] .
The second S-SAR model can be advanced here when the additive stage is considered at the considered Hansch factors, which are firstly combined to produce the anionic-cationic (subscripted with AC) indices that are further used to produce the spectral mechanistic map of the concerned interaction. This way, the so-called |0+ model is produced:
with the particular specifications of the spectral vectors:
The open issue addresses whether the |0+ and |1+ states yield the same results or in which aspects they might differ in the IL ecotoxicity upon certain species, here developed for the Daphnia magna case.
RESULTS ON DAPHNIA MAGNA SPECIES
Although many tests using Daphnia magna were established [6] [7] [8] , the measured ionic liquids activity it remains rather unexplained in terms of molecular ways of action [9, 10] . To complete this, the above spectral-SAR ecotoxicological principles are systematically applied and interpreted for the observed toxicity of the ionic liquids of Table 1 , with either |0+ and |1+ models.
In such case, when considering the principles of orthogonality, of the length, and of intensity of toxicological actions, Table 2 is produced, where, for comparison, the standard statistical factor was also added. First, it can be observed that both anionic and cationic fragments have quite important contribution to the "length" and "intensity" of ionic liquids ecotoxicity through the computed spectral norms and algebraic correlation factors, respectively, very close to the experimental one, that is, to 9.59481. Then, in all cases, the mode of action in which all three Hansch factors were considered (mode III with Log P + POL + E TOT ) records the best norm and correlations being the closest description of the ionic liquids Daphnia magna chemical-biological interaction.
As well, the cationic influence is found with the dominant contribution over the anionic effects in ecotoxicity, in all considered Hansch modes of action. Nevertheless, the statistical correlation factors always yield lower values than the corresponding algebraically ones. Moreover, with the |1+ model, there are even recorded imaginary statistical correlations of the computed endpoints |Y AC-Mode 1+ ; whereas the algebraical outputs give almost the sum of the anionic and cationic length and intensity endpoint activity. This can be phenomenologically explained by the so-called resonance effect when almost zero angles between the anionic and cationic endpoint vectors, for all molecular modes of actions of Table 2 , are obtained as clearly evidenced by the cosines values of Table 3 [4] . Instead, within |0+ model, all the lengths and intensities of the endpoints |Y AC-Mode 0+ approach a kind of average of anionic and cationic ecotoxicological effects with a smooth increase over the individual cationic effects for the modes Ib (POL), Ic (E TOT ), IIa (Log P + POL), and IIb (Log P + E TOT ). However, to further decide which of these modes is further selected by the binding mechanism, the remaining spectral ecotoxicological principles, namely, the selection and validation principles are finally employed with the results collected in Table 4 . It is interesting that although different in their analytical formulations, the |0+ and |1+ models furnish the same hierarchies of the paths for the chemical-biological actions (see Table 4 ). Worth mentioning that the statistical imaginary correlation values for the ionic liquids |1+ states in Table 2 extend their  behavior in Table 4 too; however, these paths are excluded from the validation principle. It is observed that if the alpha (α) path starts with Ib (on POL) molecular mode of action in the ionic liquid |0+ state, the alpha path in ionic liquid |1+ state begins with the same molecular mode of action even following different intermediate mode until the common final III endpoint mode.
The same happens also with the beta (β) and gamma (γ) paths of considered ionic liquids Daphnia magna ecotoxicity. However, this rule is not met at the cationic and anionic fragments, while the dominant cationic effects can be noted also at the least paths level since the nature of cationic mechanism is preserved to the ionic liquids nature according with the spectral path equations: α c + β A = α IL , β c + α A = β IL , and
Finally, the results of all spectral SAR ecotoxicological principles applied to ionic liquids Daphnia magna case of chemical ecobiological interaction can be unitarily presented in Figure 1 , where the spectral hypersurface was generated by the 3D interpolation of all lengths (norms) for all the endpoint modes of Table 2 , and for all cationic, anionic, |0+ , and |1+ states of ionic liquids of Table 1 .
The alpha dominant paths are easily identified, according with Table 4 , as originating in the Ib , that is, on Polarizability or on van-der-Waals molecular mode of action, while the beta and gamma ones start with the steric (Ic : E TOT ) and hydrophobic (Ia : Log P) specific chemical-biological binding, respectively.
CONCLUSIONS
In the context of quantitative structure-activity relationship ecotoxicological studies, the spectral SAR model is firstly employed to produce the so-called spectral ecotoxicological principles. The particular case of Daphnia magna was presented respecting a selected series of 17-ionic-liquid ecotoxicity, within the introduced cationic-anionic Hansch models by the additive factors and endpoints, the |0+ and |1+ S-SAR-IL states, respectively. The application of the spectral ecotoxicological principles on this chemical-biological coupled system revealed that the cationic fragments clearly dominate the anionic effects by driving the containing ionicliquid-specific interaction paths. Moreover, it was found that the |0+ state may be identically transformed into |1+ state respecting the origin of specific interaction while producing different intermediate paths through the recorded endpoints. The resonance effect, manifested when the anionic and cationic endpoint vectors are almost parallel in the additive |1+ state of ionic liquids, was also met for the Daphnia magna case; whereas with the model |0+ , the associate imaginary statistical correlations and activity paths are avoided. Overall, it resulted that the primary path of bonding between the working ionic liquids and Daphnia magna species occurs via molecular polarizability, thus emphasizing on the long-range chemical-biological interaction, followed by the steric and the hydrophobic Hansch mechanisms through the beta and gamma manifested paths. Nevertheless, Table 1 on Daphnia magna species: the alpha path (α) initiates on the polarizability (POL) anionic-cationic interaction (in the left-bottom hypersurface region), being followed by the beta path (β) which originates on the steric (Ic) anionic-cationic interaction (in the left-top hypersurface region hypersurface region), and successively by the gamma path (γ) based on the hydrophobic (Ia) anionic-cationic interaction (in the extreme left-top hypersurface region) of the norm correlation spectral space of Table 2 , with the decaying order of the thickness of the connecting arrows, respectively. the presented methodology leaves with the possibility of analytical characterization of bio-and ecoactivity of other species against given set of trained or new synthesized chemicals as well as for the interspecies correlations.
